Limits on electrophilic Dark Matter from LHC Monojets by Savvidy, K. G.
Limits on electrophilic Dark Matter from LHC Monojets
K. G. Savvidy
Nanjing University, Hankou Lu 22, Nanjing, 210098, China
College of Science, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China
Searches for WIMP Dark Matter particle at the LHC are considered from the point of view of the
existence of a Dark Matter particle which couples primarily through the heavy gauge boson Z, as
suggested by recent tentative evidence for a 130 GeV gamma line in FermiLAT data. We compare
three models in which the WIMP is a neutrino-like particle and consider the limits on such particle
and interactions from LHC.
I. INTRODUCTION
Several models of Beyond Standard Model (BSM)
physics incorporate a kind of parity which protects the
Dark Matter candidate particle (WIMP) of each model
from decay [2, 9]. The same parity demands continuity of
Feynman lines of the odd-sector particles in all Feynman
diagrams. The lightest odd particle is therefore stable,
and if it is to account for Dark Matter must be neutral.
One may wish to elevate this idea to a principle to guide
construction of physics models, but since models incor-
porating it already exist we will instead examine how this
idea has a unifying power to guide us in the BSM exotica
searches at LHC.
The natural degree to which this principle is incorpo-
rated into the BSM physics models varies. In MSSM, it
is the R-parity which is a reasonably natural restriction
on possible space of couplings, but violating it does not
require giving up either gauge or Lorentz invariance, or
renormalizability. In the Kaluza-Klein models, for exam-
ple UED, the parity is incorporated ad hoc by imposing
a boundary condition on wavefunctions in the extra di-
mension(s) [6]. In the string-inspired higher-spin gauge
model [13], the parity is a natural consequence of requir-
ing all interaction vertices of matter and gauge bosons
to be dimension-4 operators with gauge structure identi-
cal to the SM, and Lorentz structure extended with the
odd-sector spin 2 gauge bosons and spin 3/2 matter.
In all these models, the SM is enriched with odd-sector
partner particles which have the same gauge quantum
numbers as the progenitor SM particles, but have spin
lower by 1/2 in SUSY MSSM, equal spin in Kaluza-Klein
UED models, and spin higher by integer 1,2,... in the
higher-spin model whose origin is stringy. In all models
obeying the parity principle, odd-sector particles are cre-
ated only in pairs, and decay via a chain ending on the
WIMP.
If we take the point of view that the Dark Matter
WIMP must be an odd partner of some SM particle, it
does not yet follow that it is neutrino-like. For exam-
ple, in MSSM, the LSP is typically a partner of another
neutral particle, either a photino [1] or more generally
a neutralino [4]. Nevertheless, in this work we suggest
LHC searches where the Dark Matter particle is assumed
to be a partner of the neutrino and its stability is assured
by some parity principle which also implies the existence
of an entire odd-sector of partners of the SM particles.
Thus, in MSSM there is possibility of a sneutrino WIMP
[7, 10, 11]. In Kaluza-Klein theory the WIMP may be the
heavy partner of the neutrino [3, 6], and in the higher-
spin model [13] it is the spin 3/2 heavy partner of the
neutrino. The requirement that the WIMP is neutral
strongly limits the possibilities and mass hierarchy in
these models [9, 12].
Considerations based on relic abundance disfavor the
SM-strength couplings of the neutrino-partner WIMP in
MSSM and KK UED model, so that additional tuning is
required [6]. The same considerations in the higher-spin
model lead to a range of viable WIMP mass of 110 −
160 GeV with Majorana WIMP [21].
We proceed to classify in turn the dominant detection
channels at the hadron collider from this point of view.
II. LHC SEARCHES
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Figure 1: Tree-level Feynman diagrams for the monojet
process. Proceeding via Z in a) and a generic
four-fermion effective interaction in b).
p,p → invisible can proceed via Z, producing a pair
of WIMPs which escape undetected. LEP II has placed
limit on this up to a mass of ≈ 45 GeV due to the in-
fluence of the invisible width on the visible line shape of
the Z resonance. At LHC, and with even much higher
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2assumed WIMP mass, the cross-section is sizable but is
observable only in combination with initial state radia-
tion which we consider next.
p,p → 1 jet or photon + /ET has emerged as
the golden channel for DM search at LHC [17]. Feyn-
man diagram typically responsible for this is Fig. 4 a)
and b). This channel is currently analyzed in a model-
independent way [15–17], in terms of an effective four-
fermion interaction as in Fig. 4 b). The experiment
places a combined limit on the WIMP mass and the
strength of the effective interaction Λ. This interaction
presumably requires existence of a new boson of mass
MX ≈ 1/
√
Λ to carry this interaction, the current limits
on MX and Mχ being excluded in a more or less rect-
angular region up to ≈ 800 GeV by recent ATLAS data
[18].
From the parity-principle point of view, the interac-
tion cannot be due to an odd-sector boson (at least at
tree-level), so that Z exchange is the preferred possibility.
Unfortunately, in this regime, Z acts like a light particle
so that any effective four-fermion description is not possi-
ble. The WIMP pair creation channel gives only a small
excess over the dominant and irreducible SM background
which is p, p→ j, ν, ν¯. In this case, the experimental lim-
its are weakened dramatically, as already argued by the
authors of [17]. It is not clear that the systematic uncer-
tainties will allow for absolute calibration of this channel
to 3-5% accuracy which is required to make a discov-
ery, no matter what the ultimate integrated luminocity
will be achieved. Total acceptance-corrected cross sec-
tions are presented in Table III at 8 TeV and Table IV
at 13 TeV. Specific predictions for the /ET distribution of
events is given in Fig 4 in the UED spin 1/2 and higher
spin model for spin 3/2 neutrino-like WIMP.
III. COSMOLOGICAL ABUNDANCE
In MSSM toy model with only a slepton partner multi-
plet with all interactions dictated by the gauge principle,
or in the full MSSM, in the corner of parameter space
where only sneutrino and selectron play a role, the abun-
dance looks like this:
Recently, some models of sneutrino Dark Matter have
emerged in which a left-right symmetric extension is as-
sumed, such that the sneutrino is a viable Dark Mat-
ter candidate if it is predominantly consists of the right-
handed, sterile component [11]. In our analysis, it is as-
sumed that the lightest s-neutrino is predominantly of a
single flavor and that co-annihilation with other MSSM
particles does not play a role. It is apparent from from
the plot that the abundance is sizable Ωh2 > 10−2 for a
range of mass roughly in the region 60-400 GeV, and in
this region the toy model can be extended with the right-
handed sterile s-neutrino such that the mixing provides
a lower coupling to the Z, due to a mixing angle which
is not unnaturally small. Nevertheless, we do not in fact
make this elaboration, so that the left-handed neutrino
(a) MSSM, sneutrino with spin 0
(b) KK, majorana neutrino with spin 1/2
(c) HS, majorana neutrino with spin 3/2
Figure 2: Cosmological abundances calculated in a)
MSSM b) KK d) higher spin model (HS)
couples to the Z with full strength, which makes our col-
lider result strictly an upper bound.
In the case of the KK Dirac heavy spin 1/2 neutrinos,
the abundance does not reach the cosmologically relevant
value [3], but in the Majorana case it is typically larger
[1, 4, 5] and comes close near 80-90 GeV as in Fig. 2b.
Furthermore, it was found in [21] that the abundance
in the case of Majorana spin 3/2 neutrino-like WIMP
reaches the cosmological value and is a viable candidate
in the range of mass 70-160 GeV which allows for the re-
cently discovered 130 GeV monochromatic line by Fermi-
LAT. The direct detection limits in this case are satisfied,
3and it was found that the current generation of Xenon
experiments are sensitive enough to confirm or rule out
this model due to their content of odd-neutron isotopes.
IV. RESULTS
The Monte-Carlo generation of events was done with
calchep, cteq6m distributions and at 4+4=8TeV.
monojet The total crosssection of the irreducible SM
contribution with Pt > 350 GeV and |η| < 2 is σ ×
A(p, p→ j, ν, ν¯) = 231 fb.
This crosssection is reported after including the cuts
so acceptance is taken into account, but not efficiency,
which is in any case high at 83% average as reported by
ATLAS.
Table I: The various mono-jet crosssections with cuts on
Pt > 350 GeV and |η| < 2.0 corresponding to the
ATLAS Signal Region SR3 at 8TeV. All of these
numbers should be scaled down by efficiency which is
reported by ATLAS to be around 83% in their detector
and parameters of their analysis. The estimate on the
systematical error is based on extrapolation of the 2011
ATLAS analysis.
Model Mχ σ× A Events with 20 fb−1
SM 0 231 fb 4600± 70 (stat) ±314 (syst)
KK-Dirac 10 18.8 fb 380
KK-Dirac 130 0.077 fb 1
KK-Dirac 200 0.027 fb < 1
KK-Majorana 130 0.012 fb < 1
MSSM 104 0.16 fb 3
HS 130 4 fb 80
The immediate conclusion from this table is that the
data can be used to exclude an extra light neutrino-like
particle at least in some range of mass, but barely com-
petitive with the LEP II limit of 45 GeV.
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Figure 3: Crosssection as a function of the KK neutrino
mass. All with the same cuts as in Fig 4 and Table I.
In the higher-spin gauge model, the massive spin 3/2
particle can have a harder tail at high-Pt due to its
Lorentz boost properties, to some extent mimicking the
behavior of the cross section in the effective four-fermion
theory.
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Figure 4: The contributions to the monojet final state.
Transverse momentum distributions for a) SM b) SUSY
c) KK UED d) higher spin model. Cuts on
Pt > 350 GeV and |η| < 2.4
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Figure 5: The contributions to the monophoton final
state. SM - green, SUSY - pink, KK UED - red, higher
spin model - blue.
Table II: The various mono-photon cross sections with
cuts on Pt > 150 GeV and |η| < 2.4.
Model Mχ x-section
SM 0 28.8 fb
HS 130 0.4 fb
KK 130 0.0075 fb
MSSM 104 0.016 fb
4V. LHC AT 13 TEV
Here we examine the likely situation at the upgraded
LHC operating at the planned center of mass energy of
13 TeV. It is expected that the ultimate integrated lumi-
nosity may exceed 100 fb−1. We first examine the predic-
tions in this regime for the irreducible Standard Model
process Z → ν, ν¯ with all three neutrino flavors. The
cross section times acceptance at this energy and with a
Pt cut of 500 GeV is similar that at 8 TeV and Pt cut of
350 GeV.
Table III: The various mono-jet cross sections with cuts
on Pt > 500 GeV and |η| < 2.0. Included is the
projected statistical and systematical uncertainty. The
systematical uncertainty is extrapolated using the 2011
results and assuming reduction of systematical
uncertainty which is due to limitations of MC modeling.
Model Mχ x-section Events with 100 fb
−1
SM 0 159.5fb 16000± 130 (stat) ±1100 (syst)
HS 130 15.8 fb 1600± 40 (stat)
KK 130 0.097 fb 10± 3 (stat)
MSSM 104 0.2 fb 200± 15 (stat)
This cut corresponds to the ATLAS Signal Region SR4
in the analysis of the 2011 LHC run with 5fb−1.
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Figure 6: The contributions to the monojet final state
at 13 TeV. Transverse momentum distributions.
Ultimate reach with 100fb−1 is perhaps with Pt >
1000 GeV where the cross sections times acceptance are
in Table IV.
VI. CONCLUSIONS
It seems that the case of a heavy WIMP with coupling
to matter primarily through the Z is not very favorable
for discovery in the monojet and monophoton channel,
since there is now evidence that the precision of a hadron
Table IV: The various mono-jet crosssections at 13 TeV
with cuts on Pt > 1000 GeV and |η| < 2.0.
Model Mχ x-section Events with 100 fb
−1
SM 0 3.2fb (3spec) 320± 18 (stat) ±35 (syst)
HS 130 1.3 fb 130± 12 (stat)
KK 130 0.0035 fb < 1
MSSM 104 0.007 fb < 1
collider is not sufficient for this no matter how large is
the total integrated luminosity. The optimistic situation
arises only if the WIMP has for one reason or another a
hard tail in Pt. One is the four-fermi effective interac-
tion which has been extensively studied, and the other,
considered in this paper, where the WIMP is a spin 3/2
partner of the neutrino.
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